Background: Cardiovascular disease prevention is guided by so-called risk tables for calculating individual's risk numbers. However, they are not widely used in routine practice and it is important to understand the conditions for their use. Objectives: Systematic review of the literature on professionals' performance regarding cardiovascular risk tables, in order to develop effective implementation strategies. Selection criteria: Studies were eligible for inclusion if they reported quantitative empirical data on the effect of professional, fi nancial, organizational or regulatory strategies on the implementation of cardiovascular risk tables. Participants were physicians or nurses. Outcome measure: Primary: professionals' self-reported performance related to actual use of cardiovascular risk tables. Secondary: patients' cardiovascular risk reduction. Data collection and analysis: An extensive strategy was used to search MEDLINE, EMBASE, CINAHL, and PSYCHINFO from database inception to February 2007. Main results: The review included 9 studies, covering 3 types of implementation strategies (or combinations). Reported effects were moderate, sometimes confl icting and contradictory. Although no clear relation was observed between a particular type of strategy and success or failure of the implementation, promising strategies for patient selection and risk assessment seem to be teamwork, nurse led-clinics and integrated IT support. Conclusions: Implementation strategies for cardiovascular risk tables have been sparsely studied. Future research on implementation of cardiovascular risk tables needs better embedding in the systematic and problem-based approaches developed in implementation science.
Introduction
Reducing levels of modifi able cardiovascular risk factors is a key goal in the prevention of cardiovascular diseases (CVD), and guidelines are an important means of achieving this goal (Graham et al 2006) . Primary preventive treatment is targeted at patients who are asymptomatic but are at elevated absolute 10-year CVD risk. Identifi cation of persons at high risk is guided by so-called risk tables, which are tools designed for the assessment of an individual's risk score. Numerous CVD-risk tables are available (Sheridan et al 2003; Will 2005) . Risk tables differ in many respects, eg, in the way risks are framed and presented, the number of risk factors included, outcome measures, interpretation, and indications for medical treatment (Thomas et al 1999; Conroy et al 2003; Sheridan et al 2003) . These differences, and the validity of the prediction function, are still subjects of study and debate (Brindle et al 2006; Graham et al 2006; Wang et al 2006) .
Despite certain weaknesses or restrictions, there is no doubt about the value of risk tables for preventive treatment in everyday patient care. However, extensive efforts to publish and disseminate such tables have not yet resulted in the desired level of van Steenkiste et al implementation in routine practice (De Koning et al 2004) . A systematic review of the effectiveness of cardiovascular risk tables as regards risk reduction in daily practice was inconclusive in terms of the effect on patients' risk reduction, because application of the risk tables by the professionals was not optimal. It became clear that a serious implementation problem needed to be addressed. The poor uptake of risk tables by the physicians was confi rmed in observational studies (Brindle et al 2006) . A risk calculator for risk management was only routinely used by 17% of American family physicians (Eaton et al 2006) , and less than half of the physicians in two European studies (De Muylder et al 2004; Graham et al 2006) . Moreover, Australian GPs reported that -if they used cardiovascular risk assessment tools at all -they used them in a restricted manner, only as an aid to patient education (Torley et al 2005) . Apparently, there is a gap between the high risk approach advocated in the prevention of CVD and the actual use of risk tables in routine practice. A high-risk approach supported by risk tables seems to be an innovation that is not easy to implement. It is important to investigate what implementation strategies are most effective to ensure a good uptake of the risk tables in normal practice.
The literature reports on many different methods, strategies, and measures to introduce innovations, guidelines, best practices, or new procedures into clinical practice . Effective implementation of innovations seems to be more successful with strategies for implementation that are tailored to the specifi c goals, target group and setting (Grol 1997 (Grol , 2001 (Grol , 2003 Shaw 2005) . Therefore, the objective of our study was to systematically review the literature on health professionals' performance with respect to cardiovascular risk tables, in order to search for implementation strategies that enable professionals to use cardiovascular risk tables effectively in the prevention of CVD.
Methods Design
Systematic literature review.
Studies included
A study was eligible for inclusion in the review if it met the following inclusion criteria:
• quantitative empirical data were reported; • a professional, fi nancial, organizational, or regulatory strategy was used to implement a CVD-risk table (Table 1) ; • participants were physicians or nurses;
• the primary outcome measure was professionals' performance regarding the actual use of cardiovascular risk tables, and the secondary outcome measure was patients' cardiovascular risk reduction by improving one or more modifi able risk factors, eg, blood pressure, cholesterol, smoking, etc. No restrictions were used as regards setting.
Search strategy
We elaborated on the extensive search strategy used by Brindle and colleagues (2006) , who recently reviewed the accuracy and impact of risk assessment in the primary prevention of CVD. We added free-text search terms related to the implementation of cardiovascular risk tables. Table 2 details the terms used to search MEDLINE. Appropriate adaptations of the search syntax were made when searching EMBASE, CINAHL, and PSYCHINFO. We covered the period from database inception to February 2007. Reference lists of included articles were scanned to identify additional study reports. Languages were restricted to Dutch, English, and German.
Data extraction
Titles and abstracts of all retrieved references were scanned by one author (BvS), after which two reviewers (BvS and TvdW) independently assessed the remaining set of articles for defi nitive inclusion or exclusion. The fi nal set of included studies was assessed by one of the authors (BvS) on the basis of the following methodological aspects; study design, type of intervention, participants (profession), setting (location of care and country), and methods (unit of allocation and quality criteria); his fi ndings were checked by another author (TvdW). The fi nal decisions on inclusion and data extraction per study were made by consensus.
Data analysis
The examination of the methodological quality of the studies was guided by the Data Collection Template (July 2002) of The Cochrane Effective Practice and Organisation of Care (EPOC) group, see www.epoc.uottawa.ca/tools.htm.
Results
Over 1800 titles and abstracts were scanned, and the full text of 37 articles was assessed. Ten of these articles (2 articles reporting on the same study) met our inclusion criteria, resulting in 9 studies being included. The included studies were categorized according to their main type of intervention(s) in EPOC terms. These are summarized in Table 3A -C.
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Participants and setting
Nearly all participants in the included studies were medical doctors, either general practitioners or internal medicine residents, while 3 studies involved practice nurses or practice assistants in the implementation strategy. The location of care included hospital outpatient clinics in the UK and the USA (Hall et al 2003; Jacobson et al 2006) and GP surgeries in Norway, the UK, the Netherlands, and New Zealand (Hetlevik et al 1999; Peters et al 1999; Montgomery et al 2000; Fretheim et al 2006b; Sinclair and Kerr 2006; .
Characteristics of the studies
The trials differed considerably in size: the smallest trial included 323 patients, while a bigger trial included 2239 patients. In this large study, however, the risk table was only applied to 12% (N = 104) of the eligible patients (Hetlevik et al 2000) . In the majority of the studies, the proportion of patients who completed the proposed study protocol was small. One trial included no patients, but 343 GPs were asked to evaluate the intervention strategy (De Muylder et al 2005) . This trial, as well as 5 other studies, may have suffered from a unit of allocation problem, particularly, a difference between the unit of allocation and the unit of analysis, without controlling for this by means of clustered data analysis.
Seven randomized controlled trials (RCT) were found, one of them a prospective RCT without follow-up (Hall et al 2003) , the others varying in time until follow-up assessment from 6 to 18 months (Hetlevik et al 1999; Montgomery et al 2000; Jacobson et al 2006; Fretheim et al 2006b) . One study reported on blinded assessment of the primary outcomes (Fretheim et al 2006b) , while 5 studies mentioned concealment of intervention allocation. Primary outcomes 
Type of intervention and effects
We found that the interventions in the included studies were basically limited to three types: professional strategies or combinations of them (without patient involvement); combinations of professional-and patient-mediated strategies; organizational strategies or combinations of professional and organizational strategies. In general, the effects of the interventions on primary outcomes were small, absent or contradictory for the same outcome.
Professional strategies
Education was the single intervention in one of the three 'professional-oriented' trials. This was found to signifi cantly increase the use of the risk tables (De Muylder et al 2005) . The other two studies involved one or more educational meetings for transfer of knowledge, in combination with training in the use of a stand-alone computerized decision support system (CDSS) (Hetlevik et al 1999; Montgomery et al 2000) . In the 3-armed trial by Montgomery, the use of the CDSS plus a paper version of the risk tables, or a paper version only versus usual care, had no effect on the ability to identify patients at high cardiovascular risk or on more accurate use of the risk tables. Although increased prescribing of CV drugs and a signifi cantly lower systolic blood pressure was seen in the 'risk chart only' group, no differences in risk reduction were found compared to usual care (Peters et al 1999; Montgomery et al 2000) . Interventions in which the educational meetings and the use of a CDSS were supplemented with educational materials, follow-up telephone calls and feedback on actual performance had no effect on the recording of risk factors, cholesterol level, BMI, or CV risk. However, a signifi cant mean reduction in diastolic blood pressure (1 mm HG) was reported (Hetlevik et al 1999) .
Professional-and patient-mediated strategies
Two trials combined professional interventions, such as education plus audit and feedback, with a patient-mediated intervention, involving new information on patients' CV risk being made available at the consultation (Fretheim et al 2006b) , and introducing a decision aid for patients . The trial by Fretheim and colleagues (2006b) used an outreach visit to educate GPs on CV prevention and risk communication, as well as to give feedback on actual performance, and train them to use a CDSS. The CDSS generated 'pop-ups' on screen whenever an elevated blood pressure or cholesterol level was recorded, had a CV-risk calculator, generated treatment advice, and could be used to print patient-education materials. It had no effect on CV-risk assessment prior to prescribing (Fretheim et al 2006b) . The trial by Van Steenkiste and colleagues (2007) used a combination of a 4-hour training session in the use of the risk tables, risk communication, and a decision aid for patients, which was to be used in two consultations to ensure patient involvement in the second consultation. Neither resulted in improved performance of the GPs in terms of risk classifi cation, assessment, or management .
Organizational
The focus of the interventions in this group of 4 studies (2 of which were noncontrolled) was a change in facilities and equipment. In one of the two controlled trials, patients' CV risk was clearly indicated (by the researcher) on the front page of the patients' fi le. This had no effect on prescribing behavior, treatment or referral, except that a signifi cant increase in the use of CV drugs was observed for the high-risk group (Hall et al 2003) . The other controlled trial involved adding an educational meeting of the professionals, and contrasted a low-detail educational form including CV risk on the patients' fi le in the intervention group with a more detailed form without CV risk in the control group. This resulted in overuse of statins in the moderate-risk group and no effect in the high-risk group (Jacobson et al 2006) . One of the two noncontrolled studies evaluated a risk-calculating facility embedded in a lipid test ordering procedure. Statin prescribing was found to be improved after risk assessment, but only 14 GPs used the laboratory service involved in the study (Ford et al 2001) . The other study used a CDSS with risk calculator, integrated in the practice management system, which linked pop-up alerts to pre-selected fi les that appeared whenever the patient fi le was opened. In addition, the eligible patients were sent a letter explaining the value of screening for CV risk and inviting them for a risk assessment. CV-risk assessment had increased from 4.7% to 53.5% one year after implementation of the system change. Screening rates were higher in practices where nurses were responsible for the screening.
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Discussion
The small number of studies that could be included in this systematic review shows that the development of effective strategies for the implementation of cardiovascular risk tables in primary prevention has been sparsely studied so far, and that our understanding of ways to speed up the uptake of such new tools remains limited. The most common type of strategy was organizational, involving methods like presenting CV risk on the front page of patients' fi les or as a laboratory facility, and pro-active screening by pop-up alerts on the computer screen with invitations sent to patients' homes for risk assessment. Patient-mediated implementation strategies have hardly been studied. Although no clear relation between a particular type of strategy and the success or failure of implementation was observed, promising strategies seemed to be those involving teamwork, nurse-led clinics and integrated IT support.
This review used a sensitive search, with language restricted to Dutch, English, and German publications. Although a restriction to randomized controlled trials is often desirable in systematic literature reviews, as it yields studies with the highest level of evidence, we chose to include non-controlled and quasi-controlled intervention studies as well, because of the expected low number.
Most of the studies we found do not seem to be theorydriven or problem-driven (ie, tailored to barriers and facilitators), although in two studies, the strategy was guided by a systematic survey of barriers and facilitators before implementation was started (Fretheim et al 2006b; . Despite this, no effects were found in these studies. Apart from a qualitative process evaluation, there is a need for more in-depth qualitative methods, eg, indepth interviews or focus groups with health professionals, to increase our understanding of this lack of effect (Fretheim et al 2006a) . Ideally, this should be done along the lines of established planning models for implementation processes. It seems that insuffi cient attention has been given to the various phases in the process of change for care providers and teams (Grol and Grimshaw 2003; Grol and Wensing 2004) .
Although the theories and models on organizational determinants of innovation of care processes overlap, and the empirical evidence behind their assumptions about human behavior or organizational change is limited, we tried to apply our fi ndings to some of the many available theories. The Theory on Innovative Organizations tells us to take the type of organization into account. Decentralized decision making about innovations is crucial and good teamwork is one of the main keys for successful change. Process Reengineering Theory advises to focus on multidisciplinary care processes and collaboration instead of individual decision making. The theory aims to analyze and redesign the work process related to CVD prevention. The lessons learnt from this review, such as task delegation to a practice nurse and sending invitational letters to patients for screening, could be part of it. Theories on Organizational Culture stress that changes in the culture can stimulate changes in performance; more teamwork, fl exibility and external orientation. Organizational Learning Theory advises to create conditions within the (practice) organization for continuous learning at all levels (Grol et al 2007) .
Although fi nancial incentives are an effective way of changing professional behavior, none of the studies we found used a fi nancial incentive for the implementation of risk tables. It might be a powerful strategy, since most professionals might in the near future encounter fi nancial incentives that are linked to the quality of care, as is already customary in the UK. Many indicators of the Quality and Outcomes Framework are related to prevention of CVD. It appears that signifi cant health gains could result from achieving these quality targets (McElduff et al 2004; Roland 2004; Sutton and McLean 2006; Campbell et al 2007) .
Ideally, implementation strategies should be tailored to support physicians' needs, and as such should be based on the problems they are actually facing (Grol and Grimshaw 2003; Grol and Wensing 2004) . We distinguished 5 needs related to CVD prevention, and propose recommendations for implementation based on the review: 1. Supporting physicians in the process of case-fi nding of potential high-risk patients. This is an essential step in successful application of the risk tables. Active support can be provided by pop-up alerts linked to pre-selected fi les that appear whenever a patient fi le is opened. Letters sent to patients' homes, explaining the value of screening for CV risk and with an invitation for risk assessment, can further improve screening rates, especially in those practices with an established culture of practice-nurse led clinics and teamwork between the practice nurses and the GPs. 2. Supporting physicians in completing the risk profi le. A CDSS proved to be effective only when the decision support system was integrated in the practice management system. 3. Supporting physicians in calculating the risk. Most of the studies promoted the use of a risk . The format (framing) in which risk information is presented affects people's perception of risks and decision-making . For example, framing in relative risk or loss framing are more persuasive compared to framing in absolute risk or gain framing respectively. This is reported for doctors (Rakow 2001) , and patients Feldman Stewart et al 2000; Lipkus et al 2001) . Risk communication should include weighing up of risks and benefi ts of a treatment choice, and address the patient's perception of probability of an event as well as the value of the event for that individual . To achieve this, health professionals need training to increase their competences in risk communication. 5. Supporting physicians in deciding, jointly with the patient, on appropriate action for management. The use of a computerized decision support system to help physicians decide on appropriate management may result in some small favorable effects on prescribing behavior and blood pressure. So far, involving patients in the decision on appropriate management with the help of educational materials (including the risk table) has had no effect. Although patient involvement seems to be an effective prevention strategy, it is still unclear how this can be achieved (Edwards and Elwyn 1999; Edwards et al 2003) . A successful strategy might be to delegate this task to a nurse or health coach, who has more time to explain CV risk and for patient involvement in decisions on management and follow-up (Vale et al 2003; Sol et al 2005; Edelman et al 2006) . Such a strategy is a subject of research in the current IMPALA trial (ISRCTN51556722), in which a risk communication tool and a decision aid are issued to patients for preparation at home, and in which the practice nurse applies an adapted motivational interviewing technique to discuss the risk and options for risk reduction (see www.trialregister.nl).
Conclusion
Effective primary prevention of cardiovascular diseases is not easy, and research on effective strategies for the implementation of risk tables has been sparse. Nevertheless, good teamwork, nurse-led clinics, and smart software programs, integrated in the practice management system, seem to be promising strategies for patient selection and risk assessment. Achieving patient involvement, a precondition for successful CV-risk management, is a challenge for future research that, together with the development of other professional-and organization-implementation strategies, needs to be embedded in the methodology of implementation science.
